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The preparation, certiﬁcation, and characterization of two new biological certiﬁed reference materials for inorganic trace analysis
have been presented. They are based on two diﬀerent varieties of tobacco leaves, namely, Oriental Basma Tobacco Leaves (INCT-
OBTL-5), grown in Greece, and Polish Virginia Tobacco Leaves (INCT-PVTL-6), grown in Poland. Certiﬁcation of the materials
was based on the statistical evaluation of results obtained in a worldwide interlaboratory comparison, in which 87 laboratories
from 18 countries participated, providing 2568 laboratory averages on nearly 80 elements. It was possible to establish the certiﬁed
values of concentration for many elements in the new materials, that is, 37 in INCT-OBTL-5 and 36 in INCT-PVTL-6, including
several toxic ones like As, Cd, Hg, Pb, and so forth. The share and the role of instrumental analytical techniques used in the process
of certiﬁcation of the new CRMs are discussed.
1.Introduction
Health hazards associated with smoking of tobacco are
known already for a long time and are well documented.
According to World Health Organization, “Tobacco is the
single most preventable cause of death in the world today.
Unless urgent action is taken, tobacco could kill one billion
people during this century. Tobacco is the only legal con-
sumer product that can harm everyone exposed to it—and
it kills up to half of those who use it as intended” [1]. As
the recent study has shown, not only heavy smokers, but
also persons smoking 1–4 cigarettes per day are exposed to a
signiﬁcantly higher risk of dying from ischemic heart disease
and lung cancer than the nonsmokers [2]. Even nonsmokers
maybeaﬀected;itisestimatedthatabout11%ofalltobacco-
related deaths are attributable to exposure to second-hand
tobacco smoke [3].
Tobacco smoke is a toxic and carcinogenic mixture of
more than 5000 chemicals [4]. From among 98 of most haz-
ardous smoke components, 12% are metals and metalloids.
As, Be, Cd, Cr (VI), Pb, and 210Po are carcinogens. Possible
health hazards due to accumulation in the respiratory system
of humans of alpha emitter 210Po (half-life 138.4 days) and
its precursor 210Pb (half-life 22.2 years) were discussed by
Skwarzec et al. [5]. Co and Se may cause problems with res-
piratoryfunctions,Cumayadverselyaﬀectlungandimmune
system, Mn and Hg have an eﬀect on nervous system, and Ni
may cause chronic active inﬂammation and lung ﬁbrosis [4].
It is perhaps worth mentioning that except of smoking
tobaccohealthhazardstohumans,thelitteroriginating from
smoking tobacco, that is, cigarette butts, if deposited into
aquatic environment, may be acutely toxic both to marine
and freshwater ﬁsh species [6]. The increasing pressure from
international organizations as WHO is directed towards im-
plementation of eﬀective tobacco control measures in indi-
vidual countries and promotion of smoke free environments
[3]. The other way of diminishing health hazards might be
thereductionofharmfulcomponentsintobacco.Itisknown
that the content of metallic elements may vary from brand to
brand [7–11]. Choosing a brand with a minimum content of
harmful elements requires the use of reliable analytical tech-
niques, and these in turn need a good system of analytical2 The Scientiﬁc World Journal
quality assurance. As is known, certiﬁed reference materials
(CRMs) are the most widespread and relatively easy means
of checking the accuracy of analytical methods [12, 13]. Best
results can be expected when there is possibly close match of
the CRM and test samples both in terms of general compo-
sition of the matrix and concentration levels of the analytes
[14]. The only two CRMs with the tobacco leaf matrix that
existedonthemarket,thatis,OrientalTobaccoLeaves(CTA-
OTL-1)[15]andVirginiaTobaccoLeaves(CTA-VTL-2)[16],
which gained great popularity among scientiﬁc community,
were already exhausted. The present paper describes prepa-
ration and certiﬁcation of two new CRMs with the tobacco
leaf matrix, that is, Oriental Basma Tobacco Leaves (INCT-
OBTL-5) and Polish Virginia Tobacco Leaves (INCT-PVTL-
6). Each material was certiﬁed for more than 30 inorganic
constituents, for several others information values were
provided.
2. PreparationandTesting of the Materials
2.1.Origin,Preparation,andHomogenizationoftheMaterials.
The candidate reference materials were prepared from dried
tobacco leaves of two diﬀerent varieties. Oriental Basma
Tobacco Leaves (INCT-OBTL-5) was produced from tobacco
grown in Greece, whereas Polish Virginia Tobacco Leaves
(INCT-PVTL-6)fromtobaccogrowninPoland.Anoverview
of the general strategy aimed at preparation and certiﬁcation
of new CRMs is presented in Figure 1. More details can be
foundinthepublishedreports[17,18].Approximately,48kg
of ground and sieved (through 100μms i e v e )t o b a c c ol e a v e s
powder of each variety was ﬁnally obtained. The whole lot
of the given material was then homogenized by mixing for
16 hours. After this time, the preliminary homogeneity test-
ing was carried out by determining content of selected ele-
ments using X-ray ﬂuorescence (XRF) in several 5g sub-
samples. The results conﬁrmed that both Oriental Basma
Tobacco Leaves and Polish Virginia Tobacco Leaves could be
considered homogeneous. Consequently, the next step was
their distribution in 50g portions (future CRM) into poly-
propylene(PP)bottles.Furthermore,about150samples(c.a.
10g) of each material were weighed (intercomparison sam-
ples). They were afterward sent to laboratories, which had
declared their participation in this study. In order to ensure
the long-term stability of the new CRMs, all containers with
INCT-OBTL-5andINCT-PVTL-6weresterilizedbyelectron
beam radiation (energy 13MeV, dose approx. 30kGy) from a
linear accelerator. The materials were next moved for storage
in a special room air conditioned at 20◦C.
2.2. Particle Size Determination. Examination by optical mi-
croscopy was carried out in order to determine the particle
size of the materials. Martin’s diameter (arithmetic mean of
the maximum distance between opposite sides of a particle
and a distance in perpendicular direction) of 200 (randomly
chosen) particles was determined. Results of the particle size
analysis are presented in Figure 2. As can be seen, Martin’s
diameter below 60μm had over 90% particles. Distribution
of the size was quite similar for INCT-OBTL-5 and INCT-
Comminution, grinding,and sieving
Homogenization by mixing in a rotating
PE drum for 16h
Preliminary homogeneity testing by XRF
Distribution of the material in 50g
portions into 150mL PE containers
(future CRM)
Final homogeneity testing by INAA and
ICP-MS using statistical tests
Radiation sterilization with electron beam
(linear accelerator, 30kGy)
Determination of particle size distribution
and moisture content
Long-term stability testing
Organization of a worldwide
interlaboratory study
Statistical evaluation of analytical results
Assigning of certiﬁed and information
values of concentration for elements
using established criteria
CRM ready for distribution and sale
Monitoring of long-term stability during
the whole storage period
Raw material—dried tobacco leaves
Figure 1: General strategy of production and certiﬁcation of the
new reference materials.
PVTL-6 with a maximum in the range 30–40 and 20–30μm,
respectively.
2.3. Moisture Content Determination. T h em o i s t u r ec o n t e n t
may vary quite considerably with the changes in the ambient
humidity and temperature. Therefore, concentration of ele-
m e n t si nag i v e nm a t e r i a lm u s tb ea l w a y se x p r e s s e do na
dry-weight basis, irrespective of the actual water percentage
in the sample. An obligation of great importance belonging
to producers of reference materials is elaboration of repro-
ducible procedure for the determination of dry mass. It
was realized by establishing the water desorption curves for
Oriental Basma Tobacco Leaves and Polish Virginia Tobacco
Leaves separately at the temperature of 75 as well as 85◦C.
As follows from Figure 3, the water desorption curves for
the temperature 75◦C reach plateau after approx. 22 hours.
The course of the dependence obtained for 85◦C, however,The Scientiﬁc World Journal 3
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Figure 2: Particle size distribution of the candidate reference materials: Oriental Basma Tobacco Leaves (INCT-OBTL-5) and Polish Virginia
Tobacco Leaves (INCT-PVTL-6).
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Figure 3: Water desorption curves for INCT-OBTL-5 and INCT-PVTL-6 at 75 and 85◦C.
might suggest that slight but discernible decomposition of
thematerialsoccurs.Lossesofthemasswereobservedevenat
drying time exceeding 40 hours. Conclusions resulting from
these studies made it possible to devise a recommended pro-
cedure for the determination of moisture content in INCT-
OBTL-5 and INCT-PVTL-6. It consists in drying of the sepa-
ratesample(notthattakenforanalysis)for30hoursat75◦C.
2.4. Final Homogeneity Testing. Homogeneity is an abso-
lutely obvious and indispensable feature of all reference ma-
terials. However, those of solid natural matrix are always het-
erogeneous on a microscopical scale, because they represent
the population of particles varying in composition. In case
of biological materials, nonuniform as a rule cell structure in
various types of tissues and their subunits result in diﬀerent
elementalconcentration[19].Apparenthomogeneity,thatis,
identical average composition of constituents for samples of
a given mass is most often achieved by grinding and sieving
followed by mixing of the material. Producers of CRMs are
required to determine a minimum sample mass, for which
ag i v e nm a t e r i a lc a nb ec o n s i d e r e da sh o m o g e n e o u s .F i n a l
homogeneity testing of INCT-OBTL-5 and INCT-PVTL-6
was performed for the nominal sample size of 100mg con-
centrationofCe,Co ,Cs,Eu,Fe,Hf,Rb ,TbinINCT -OBTL-5,
and Ba, Co, Cs, Eu, Fe, Hf, Rb, Sc in INCT-PVTL-6 was
determined applying Instrumental Neutron Activation Anal-
ysis (INAA). Six samples were taken from diﬀerent six con-
tainers (chosen at random) from the whole population of
containers, into which the given material was distributed.
Analogously, six subsamples were taken from the seventh
container randomly chosen as well. Homogeneity of the can-
didatereferencematerialswasexamined bystatisticalevalua-
tion of the results obtained in the above two analytical series.
The variances of determinations were compared by Fisher’s
test (F-test), whereas the means employing Student’s t-test
(t-test) [20]. As is evident from the data reported in Table 1,
in case of all determined elements, the calculated parameters
both F and t do not exceed the respective critical values F0.954 The Scientiﬁc World Journal
Table 1: Homogeneity testing of the candidate reference materials: INCT-OBTL-5 (a) and INCT-PVTL-6 (b) for 100mg sample by NAA
using Fisher’s test and Student’s t-test.
(a)
Element
(γ line, keV)
x1 ±s1
mg kg−1 n x2 ±s2
mg kg−1 mF F 0.05 tt 0.05
Ce (145.4) 3.09 ±0.2 163 .08 ±0.36 6 2.098 < 5.050 2.068 < 2.228
Co (1332.5) 0.962 ±0.028 6 0.991 ±0.019 6 2.098 < 5.050 2.068 < 2.228
Cs (795.9) 0.239 ±0.016 6 0.240 ±0.013 6 1.626 < 5.050 0.186 < 2.228
Eu (344.3) 0.057 ±0.004 6 0.058 ±0.002 6 3.959 < 5.050 0.527 < 2.228
Fe (1291.6) 1534 ±39 6 1572 ±27 6 2.053 < 5.050 1.911 < 2.228
Hf (482.2) 0.258 ±0.017 6 0.259 ±0.011 6 2.393 < 5.050 0.182 < 2.228
Rb (1076.6) 17.2 ±1.061 8 .0 ±0.56 4 .853 < 5.050 1.728 < 2.228
Tb (879.4) 0.041 ±0.011 6 0.032 ±0.008 6 1.762 < 5.050 1.645 < 2.228
(b)
Element
(γ line, keV)
x1 ±s1
mg kg−1 n x2 ±s2
mg kg−1 mF F 0.05 tt 0.05
Ba (216.1) 37.1 ±2.563 6 .4 ±2.96 1 .321 < 5.050 0.408 < 2.228
Co (1332.5) 0.144 ±0.0 0 560 .145 ±0.005 6 1.165 < 5.050 0.103 < 2.228
Cs (795.9) 0.023 ±0.0 0 260 .023 ±0.003 6 1.472 < 5.050 0.186 < 2.228
Eu (344.3) 0.013 ±0.0 0 260 .013 ±0.003 6 1.671 < 5.050 0.017 < 2.228
Fe (1291.6) 251 ±8 6 257 ±13 6 2.668 < 5.050 1.165 < 2.228
Hf (482.2) 0.139 ±0.0 2 260 .145 ±0.021 6 1.129 < 5.050 0.480 < 2.228
Rb (1076.6) 5.78 ±0.5 065 .83 ±0.32 6 2.509 < 5.050 0.221 < 2.228
Sc (889.3) 0.058 ±0.0 0 460 .059 ±0.002 6 3.313 < 5.050 0.306 < 2.228
F = s2
1(2)/s2
2(1), F 0.05—critical value of the Fisher’s test at signiﬁcance level α = 0.05 and degrees of freedom f1 = f2 = 5.
t = [|x1 − x2|/
 
(n −1) s2
1 +( m −1) s2
2] ·
 
n ·m (n+ m −2)/(n+m), t0.05—critical value of the Student’s t-test at signiﬁcance level α = 0.05
and degrees of freedom f = n + m−2 = 10.
and t0.05. Hence, there are no signiﬁcant diﬀerences in var-
iances and means between the samples originating from dif-
ferent containers and those taken from a single container. A
conclusioncanbedrawnthatOrientalBasmaTobaccoLeaves
as well as Polish Virginia Tobacco Leaves can be considered
as homogeneous for the sample masses greater than or equal
to 100mg. The other statistical approach employed for the
ﬁnal homogeneity checking was the analysis of variance
(ANOVA) [21–24]. The content of Al, Ba, Cd, Co, Cr, Mg,
Mn, Pb, Sb, Sr, V in INCT-OBTL-5, and Ba, Cd, Co, Eu,
La, Li, Mg, Mn, Sr, V in INCT-PVTL-6 was determined
using Inductively Coupled Plasma-Mass Spectrometry (ICP-
MS). The obtained analytical results also fully conﬁrmed
good homogeneity of the both materials for the above sam-
ple size. According to the present recommendations to pro-
ducers of CRMs, the standard uncertainty resulting from
inhomogeneity of a given candidate reference material
should be evaluated [21–24]. Its estimation is the so-called
between-bottle variance, which can be calculated by means
of the ANOVA method. The value of the uncertainty due to
inhomogeneity amounted to 1.03% for INCT-OBTL-5 and
0.91% in case of INCT-PVTL-6.
2.5. Long-Term Stability Testing. Stability of future CRMs is
also a parameter of essential importance. Statistical evalua-
tion of data obtained from stability testing has two general
purposes. The ﬁrst is an assessment of the long-term stability
of a given material and estimation of its shelf life. The second
is an evaluation of the standard uncertainty connected to
possibledegradationduringlong-termstorage,whichshould
be included while calculating the combined standard uncer-
tainties of certiﬁed values calculated later on [22, 24–30].
Long-termstabilitytestingofOrientalBasmaTobaccoLeaves
and Polish Virginia Tobacco Leaves, stored under ﬁxed and
controlledconditions(20◦C),coveredaperiodof22months.
After predetermined time intervals, samples of the given ma-
terial were taken from one randomly chosen container. Con-
centration of six selected elements (Ce, Co, Fe, Rb, Sc, and
Zn) was determined by INAA method. Assuming a linear
regression model of degradation, stability testing data were
ﬁtted using the least square method [22, 26–28]:
C = a+bx,( 1 )
where C is the concentration, x is time, and b is the slope
of the line (degradation rate). Of special importance in the
stability studies is the standard deviation of the slope (ub)o f
the ﬁtted regression line. The signiﬁcance of the trend in
the obtained results, which might hint at degradation of the
material, can be assessed by comparing |b|/ub to the value
of a t-test (α = 0.05 and n–2 degrees of freedom) [27]. The
course of the plots concentration versus time as well as sta-
tistical analysis of the calculated ﬁtting parameters revealedThe Scientiﬁc World Journal 5
no signiﬁcant trends indicating instability of the candidate
reference materials. The standard deviation of the slope of
the obtained regression lines was used to estimate the stan-
dard uncertainty due to long-term stability [27]. Its value
amounted to 0.61% for INCT-OBTL-5 and 0.67% for INCT-
PVTL-6. The shelf life of the materials was established until
the end of 2020. The stability of the new CRMs is planned to
be monitored during the whole storage period.
3. Chemical Characterizationof
the MaterialsandData Evaluation
3.1. Interlaboratory Comparison. A worldwide collaborative
study on the determination of trace elements in Oriental
Basma Tobacco Leaves (INCT-OBTL-5) and Polish Virgi-
nia Tobacco Leaves (INCT-PVTL-6) was organized. In this
exercise, 87 participants from 18 countries took part con-
tributing: 1318 laboratory averages (6092 individual deter-
minations)on78elementsforINCT-OBTL-5and1250labo-
ratory averages (5581 individual determinations) on 79 ele-
ments for INCT-PVTL-6 (see the appendix). The fundamen-
tal intention of the organizers was to certify the materials
for possibly great number of elements, ﬁrst of all those at
trace level of concentration. The other important purpose of
thisstudywasalsoenablingtheparticipants tocomparetheir
ownresultswiththosefromotherlaboratoriesaswellaswith
the ﬁnally established certiﬁed and/or information values.
The participants along with the candidate reference ma-
terials were requested to analyze also the provided reference
material (RM), the identity of which was known to the orga-
nizers only. The results received for RM were employed in
the further process of statistical evaluation of supplied data.
Apart from purely analytical results, the participants were re-
quested to report a short description about sample pre-
treatment, preconcentration and/or separation procedure (if
any), and the technique of quantitative determination app-
lied while analyzing the materials. On the basis of this infor-
mation, the method symbol for each element was created in
the special manner [17, 18]. To secure anonymity, the labo-
ratories were coded, and exclusively the participant himself
and the organizers have known the code number. All num-
bersreportedinthereportformstogetherwiththerespective
laboratory codes and method symbols were entered into
the specially constructed input ﬁle, separate for each of the
material.
3.2. The Method of Data Evaluation. Evaluation of data sup-
plied by laboratories participating in this exercise was per-
formed employing the AQCS-1 software, dedicated to re-
search groups dealing with certiﬁcation of new CRMs [31].
The general idea of the program is the method of statistical
data evaluation proposed by Dybczy´ nski [32, 33], which is
based on the outlier’s rejection procedure using concurrently
four statistical tests (Dixon, Grubbs, Skewness, and Kurtosis)
at the signiﬁcance level of 0.05. When a given laboratory ave-
rage is classiﬁed as an outlier even by only one statistical
test, it is removed from the population. The rejection process
works until no further outlier is found, and then the ﬁnal
value of the overall mean for a given element is calculated
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tion procedure.
together with the standard deviation, standard error, and
conﬁdence limits. A graphical illustration of how the process
of outlier rejection aﬀects the overall mean is demonstrated
inFigure 4ontheexampleofresultsforAsinINCT-PVTL-6.
Thismethodofdataprocessingwasappliedinourlaboratory
during previous campaigns aimed at production of CRMs
[34–37] and also by several other producers of CRMs [38–
40]. For the purpose of this study, two input databases for
each of the candidate reference materials were evaluated. The
ﬁrst called “original” contained all results for all elements
supplied by participating laboratories. The second database
called hereafter “alternative” was created from the original
one, but only for those elements, however, for which the cer-
tiﬁed values in the reference material (sent to participants
and analyzed by them along with INCT-OBTL-5 and INCT-
PVTL-6)wereavailable.Thealternativedatabasewasformed
as follows. Results delivered by every participant on a given
certiﬁed element in the reference material (RM) were exam-
ined whether the conﬁdence limits of the laboratory results
atasigniﬁcancelevelα=0.05overlappedwiththeconﬁdence
limitofthecertiﬁedvalue.Ifnot,theresultsofthislaboratory
for the considered element were removed from the original
input ﬁle and the calculations were performed with the
remaining data. The statistical evaluation of the both input
ﬁles gave nearly in all cases very similar values of the overall
mean as well as the conﬁdence interval. As an illustration
conﬁrmingthisconclusion,theso-calledZ-plots(agraphical
representation of distribution of results) for Co in INCT-
PVTL-6 are shown in Figure 5, representing the processing
of the original (Figure 5(a)) and the alternative database
(Figure 5(b)), respectively.
4. Certiﬁcation of the Materials
4.1. Criteria for Assigning Certiﬁed and Information Values.
The summary of the two intercomparisons organized in
order to certify the candidate reference materials (in short-
ened version) is presented in Table 2. It gives a general6 The Scientiﬁc World Journal
Table 2: Analytical results obtained for the candidate reference materials.
Element Unit
Number of accepted laboratory averages Overall mean of accepted laboratory averages
INCT-OBTL-5 INCT-PVTL-6 INCT-OBTL-5 INCT-PVTL-6
Ag ng g−1 5 4 53.0c1 19.1c1
Al mg kg−1 20 18 1981c2 252c2
241Am Bq kg−1 1 0.022
As ng g−1 19 19 668c2 138c2
Au ng g−1 6 2 2.97i1 0.67
Bm g k g −1 13 13 33.6c1 33.4c1
Ba mg kg−1 34 33 67.4c2 41.6c2
Be ng g−1 8 7 81.2i1 31.0
Bi ng g−1 2 3 96.0 140i1
Br mg kg−1 11 10 87.4c2 19.5c2
C wt% 1 1 44.0 42.9
Ca wt% 42 42 3.996c2 2.297c2
Cd mg kg−1 21 20 2.64c2 2.23c2
Ce mg kg−1 15 16 2.99c2 0.743c2
Cl wt% 4 4 0.772i2 0.457i2
Co ng g−1 32 23 981c2 154c2
Cr mg kg−1 33 30 6.30i2 0.911i2
Cs ng g−1 19 12 288c2 26.6i2
137Cs Bq kg−1 1 1 2.40 2.70
Cu mg kg−1 50 47 10.1c2 5.12c2
Dy ng g−1 5 2 184i1 38.0
Er ng g−1 5 5 101c1 18.5c1
Eu ng g−1 17 14 60.2c2 14.0c2
Fm g k g −1 1 1 26.4 19.6
Fe mg kg−1 60 61 1491i1 258i1
Ga ng g−1 2 2 518 78
Gd ng g−1 3 2 243i1 52
Ge ng g−1 2 1 34 10
Hf ng g−1 10 9 291c1 161c1
Hg ng g−1 20 23 20.9c2 23.2c2
Ho ng g−1 3 1 34.5i1 6.0
In g g −1 3 2 843 337
In ng g−1 112 . 00 . 5
K wt% 41 40 2.271c2 2.640c2
40KB q k g −1 1 1 633 722
La mg kg−1 16 16 1.69c2 0.540c2
Li mg kg−1 11 10 19.3i1 3.35c1
Lu ng g−1 6 4 16.7i2 5.7
Mg wt% 37 37 0.853c2 0.241c2
Mn mg kg−1 43 43 180c2 136c2
Mo ng g−1 8 7 414c1 396c1
Nw t %2 2 2 . 7 2 . 8
Na mg kg−1 21 21 435i2 62.4i2
Nb ng g−1 2 2 127 33
Nd mg kg−1 6 5 1.33c1 0.322c1
Ni mg kg−1 24 21 8.50c2 1.49c2
P wt% 16 17 0.170c1 0.242c1The Scientiﬁc World Journal 7
Table 2: Continued.
Element Unit
Number of accepted laboratory averages Overall mean of accepted laboratory averages
INCT-OBTL-5 INCT-PVTL-6 INCT-OBTL-5 INCT-PVTL-6
Pb mg kg−1 20 19 2.01c2 0.972c2
Pd ng g−1 14 5
210Po Bq kg−1 2 2 19.5 22.2
Pr ng g−1 4 4 321i1 82.9i1
Pt ng g−1 110 . 10 . 1
239Pu Bq kg−1 1 0.007
Rb mg kg−1 18 17 19.1c 5.97c
Re ng g−1 117 . 01 . 4
Ru ng g−1 110 . 81 . 0
S wt% 6 6 0.455c2 0.378c2
Sb ng g−1 12 10 75.5c1 37.2c1
Sc ng g−1 10 11 640c2 59.5c2
Se ng g−1 8 11 172 153
Si wt% 5 5 0.527 0.198
Sm ng g−1 16 14 264c2 58.0c2
Sn ng g−1 5 3 260 31.1i1
Sr mg kg−1 24 24 105c2 133c2
90Sr Bq kg−1 1 1 21 13
Ta ng g−1 5 5 41.7c1 10.9c1
Tb ng g−1 8 7 34.7c2 8.1c2
Th ng g−1 11 11 503c2 88.8c2
Ti mg kg−1 11 11 80.7i1 12.3i1
Tl ng g−1 4 3 51.3i2 22.8i2
Tm ng g−1 3 2 13.6i1 2.4
Un g g −1 13 7 113i1 22.0i1
234UB q k g −1 1 1 0.51 0.34
238UB q k g −1 2 2 1.24 0.92
Vm g k g −1 10 10 4.12c2 0.405c2
Wn g g −1 1 2 33 32
Yn g g −1 4 4 963i1 218i1
Yb ng g−1 10 7 115c2 28.3i2
Zn mg kg−1 64 64 52.4c2 43.6c2
Zr mg kg−1 7 7 6.35 3.50
c1Certiﬁedvalueassignedemployingtheoriginaldatabase, c2employingthealternativedatabase. i1Informationvalueassignedemployingtheoriginaldatabase,
i2employing the alternative database.
overview on the content of determined elements in Oriental
Basma Tobacco Leaves (INCT-OBTL-5) and Polish Virgi-
nia Tobacco Leaves (INCT-PVTL-6). The overall mean of
concentration for any analyte, calculated as a result of a for-
mal statistical evaluation of data supplied by participating
laboratories, is still yet insuﬃcient to be regarded as a cer-
tiﬁed value. This status can be granted only if deﬁnite cri-
teriaarefulﬁlled.Considerationwhetherornotagiven“con-
sensus” value can obtain the status of a certiﬁed value
involves using certain, subjective, and thus necessarily arbi-
trary criteria. Such criteria established and thoroughly tested
by us previously [33, 41] with some later modiﬁcations [34,
42, 43]a r ea sf o l l o w s .
(1) Theratiooftheone-sidedconﬁdenceintervalandthe
overall mean:
SD · t0.05
X ·
√
N
⎧
⎨
⎩
≤ 20% (trace elements),
≤ 10%
 
major elements
  (2)
or relative standard deviation:
SD
X
⎧
⎨
⎩
≤ 25% (trace elements),
≤ 15%
 
major elements
 
,
(3)
where elements with concentration exceeding
5000mg kg−1 (ppm) are considered to be the major
elements.8 The Scientiﬁc World Journal
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Figure 5: Z-shaped plots for Co in INCT-PVTL-6 while processing the original (a) and alternative databases (b). Laboratories qualiﬁed as
outliers are marked with ﬁlled symbols; a solid horizontal line represents the overall mean and dashed lines conﬁdence limits.
(2) The overall mean was calculated on the basis of at
least four “accepted” laboratory means (N ≥ 4) ob-
tained by more than one analytical technique. If
results from only one analytical technique are avail-
able, the number of “accepted” laboratory averages
used for the calculation of the overall mean cannot
be smaller than ﬁve (N ≥ 5).
(3) Iftheconditions(1)and(2)arefulﬁlledbutthenum-
ber of outliers exceeds 50%, the additional procedure
is activated which repeats the process of outlier rejec-
tionfromthebeginning,checkingsimultaneouslythe
changes of the mean and standard deviation accom-
panyingsuccessiverejections.Theprocessofrejecting
ofoutliersisthenstoppedwhenthesuccessivechangeThe Scientiﬁc World Journal 9
Table 3: Certiﬁed values for INCT-OBTL-5 (X ±U).
(a) Major and minor elements
Element Concentration (wt%)
Al 0.198 ±0.028
Ca 3.996 ±0.142
K2 .271 ±0.076
Mg 0.853 ±0.034
P0 .170 ±0.012
S0 .455 ±0.091
(b) Trace elements (1–1000mg kg−1)
Element Concentration (mg kg−1)
B3 3 .6 ± 2.2
Ba 67.4 ± 3.8
Bra 87.4 ± 5.4
Cd 2.64 ±0.14
Ce 2.99 ±0.18
Cu 10.1 ± 0.4
La 1.69 ±0.09
Mn 180 ±6
Nd 1.33 ±0.11
Ni 8.50 ±0.49
Pb 2.01 ±0.31
Rb 19.1 ± 1.0
Sr 105 ±5
V4 .12 ±0.55
Zn 52.4 ± 1.8
(c) Trace elements (below 1mg kg−1)
Element Concentration (ng g−1)
Ag 53.0 ±10.5
As 668 ±86
Co 981 ±67
Cs 288 ±20
Era 101 ±6
Eu 60.2 ±4.1
Hfa 291 ±24
Hg 20.9 ±1.3
Mo 414 ±62
Sb 75.5 ±12.5
Sca 640 ±27
Sm 264 ±13
Taa 41.7 ±3.8
Tb 34.7 ±2.3
Th 503 ±43
Yb 115 ±23
aCertiﬁed on the basis of results by single analytical method.
in both the mean and standard deviation becomes
lower or equal to 15%. The condition (1) is then re-
checked.
Table 4: Information values for INCT-OBTL-5.
Element Concentration Unit
Au 3.0 ng g−1
Be 81.2 ng g−1
Cl 0.772 wt%
Cr 6.30 mg kg−1
Dy 184 ng g−1
Fe 0.149 wt%
Gd 243 ng g−1
Ho 34.5 ng g−1
Li 19.3 mg kg−1
Lu 16.7 ng g−1
Na 435 mg kg−1
Pr 321 ng g−1
Ti 80.7 mg kg−1
Tl 51.3 ng g−1
Tm 13.6 ng g−1
U 113 ng g−1
Y 963 ng g−1
(4) If the above criteria are met but there are indications
that after outlier rejection performed on the whole
population the remaining populations of results ob-
tained by various analytical techniques diﬀer signiﬁ-
cantly, the assignment of certiﬁed value is suspended.
The information values were assigned to those elements for
which the results while not fulﬁlling simultaneously the con-
ditions (1)–(4) still fulﬁlled the following condition:
SD · t0.05
X ·
√
N
⎧
⎨
⎩
≤ 50% (trace elements),
≤ 30%
 
major elements
  (4)
calculated on the basis of at least three ”accepted” laboratory
averages and are quoted as numbers only, that is, without
conﬁdence intervals.
The elements, for which the obtained values did not ful-
ﬁll the above criterion, were considered to be out of any clas-
siﬁcation.
4.2. Certiﬁed and Information Values. Applying the above-
formulatedcriteria,thecertiﬁedvaluesofconcentrationwere
assigned to thirty-seven elements in Oriental Basma Tobacco
Leaves (INCT-OBTL-5) cf. Table 3 and seventeen elements
gained the status of information values (Table 4). In case of
Polish Virginia Tobacco Leaves (INCT-PVTL-6), thirty-six
elements could be certiﬁed (Table 5), and for thirteen ana-
lytes, it was possible to establish the information values
(Table 6). The elements, for which the certiﬁed as well as
information values were ﬁnally assigned as a result of statis-
tical evaluation of the original or the alternative database, are
accordingly marked in Table 2.
According to recent recommendations to CRM produc-
ers [22, 24, 25, 29], while calculating the combined standard10 The Scientiﬁc World Journal
Table 5: Certiﬁed values for INCT-PVTL-6 (X ±U).
(a) Major and minor elements
Element Concentration (wt%)
Ca 2.297 ±0.078
K2 .640 ±0.090
Mg 0.241 ±0.009
P0 .242 ±0.015
S0 .378 ±0.059
(b) Trace elements (1–1000mg kg−1)
Element Concentration
(mgkg−1)
Al 252 ±49
B3 3 .4 ±1.9
Ba 41.6 ±1.9
Bra 19.5 ±1.0
Cd 2.23 ±0.12
Cu 5.12 ±0.20
Li 3.35 ±0.67
Mn 136 ±5
Ni 1.49 ±0.14
Rb 5.97 ±0.28
Sr 133 ±6
Zn 43.6 ±1.4
(c) Trace elements (below 1mg kg−1)
Element Concentration (ng g−1)
Ag 19.1 ±3.8
As 138 ±10
Ce 743 ±51
Co 154 ±7
Era 18.5 ±3.2
Eu 14.0 ±2.6
Hg 23.2 ±1.6
Hfa 161 ±8
La 540 ±27
Mo 396 ±29
Nd 322 ±24
Pb 972 ±147
Sb 37.2 ±3.9
Sca 59.5 ±3.4
Sm 58.0 ±4.3
Taa 10.9 ±1.2
Tb 8.1 ±1.0
Th 88.8 ±6.8
V 405 ±56
aCertiﬁed on the basis of results by single analytical method.
uncertainty of the certiﬁed value uc, four contributions
should be taken into account:
uc =
 
u2
interlab +u2
lstab +u2
inhom +u2
m,( 5 )
Table 6: Information values for INCT-PVTL-6.
Element Concentration Unit
Bi 140 ng g−1
Cl 0.457 wt%
Cr 911 ng g−1
Cs 26.6 ng g−1
Fe 258 mg kg−1
Na 62.4 mg kg−1
Pr 82.9 ng g−1
Sn 31.1 ng g−1
Ti 12.3 mg kg−1
Tl 22.8 ng g−1
U 22.0 ng g−1
Y 218 ng g−1
Yb 28.3 ng g−1
whereuinterlab isestimatedasstandarddeviationoftheoverall
mean, ulstab the standard uncertainty estimated from the
long-term stability studies, uinhom the standard uncertainty
estimated from the homogeneity studies, and um the stan-
dard uncertainty due to moisture determination. The expan-
ded uncertainty (U), corresponding to 95% conﬁdence level,
is obtained by multiplying uc by a coverage factor k = t0.05
(Student’s t-test parameter for α = 0.05 and n–1 degrees
of freedom, where n is the number of laboratory averages).
Certiﬁed (recommended) values are quoted together with
their uncertainties (X ±U).
The metrological traceability is an important feature of
CRMs[44].Inthisstudy,thetraceabilityofthenewCRMsto
the SI units was realized by the use of:
(i) RNAA ratio primary reference measurement proce-
dures (RPRMP), (deﬁnitive methods),
(ii) CRM sent by the interlaboratory comparison orga-
nizer and analyzed together with the candidate CRM,
(iii) other CRMs chosen by participants,
(iv) analytical methods calibrated against pure metals or
oxides with full uncertainty budget.
The ratio primary reference measurement procedures
(RPRMP)(deﬁnitivemethods)withthehighestmetrological
properties were developed in the Institute of Nuclear Chem-
istryandTechnology[45–54].Theyarebasedonquantitative
and selective postirradiation radiochemical separation of
the analyte of interest using ion exchange chromatography
and/or extraction chromatography followed by gamma-ray
spectrometric measurement [50–54]. The results of the de-
termination of As and Cd by RPRMP (not included into the
population of laboratory data) were applied for veriﬁcation
of the certiﬁed values cf. Figure 6. The values determined for
Cd and As by the RPRMP are compared with the overall
means calculated employing the original and alternative
databases as well as with the corresponding ranges of labo-
ratory averages sent by participants. One can note that the
concentrations determined by means of RPRMP in INCT-
PVTL-6 are in a very good agreement with the assignedThe Scientiﬁc World Journal 11
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Figure 6: Comparison of the overall means and their conﬁdence intervals for Cd and As in INCT-PVTL-6 obtained from the original and
alterative databases with the result obtained by the deﬁnitive method and the ranges of laboratory averages.
certiﬁed values for As and Cd. Very similar picture was also
observedincaseofINCT-OBTL-5.Goodagreementwiththe
results obtained by the RPRMP methods prove additionally
correctness of the certiﬁcation procedure.
4.3. Some Remarks Concerning the Certiﬁcation Process.
Observations and experiences gained during production and
certiﬁcation of our consecutive reference materials revealed
a necessity to implement some improvements. Their general
p u r p o s ew a st op r e v e n ta sm u c ha sp o s s i b l ee s t a b l i s h i n go f
certiﬁed values in doubtful situations. Of great importance
is the fourth criterion concerning agreement of results on
a given analyte produced by various analytical techniques.
This problem is well illustrated in Figure 7, where the ﬁnally
calculated overall means with their conﬁdence intervals for
zinc and chromium in INCT-OBTL-5 are confronted with
the means and corresponding conﬁdence limits obtained by
NAA, ICP-MS, AAS (atomic absorption spectrometry), and
ES (emission spectroscopy). The overall mean was calculated
from the alternative input ﬁle. The individual mean values
were computed employing appropriate input ﬁles, extracted
from the initial dataset, which contained results determined
using the given analytical method only. As is evident from
Figure 7, in the case of zinc, there is a very good agreement
among all individual techniques and the overall mean. Con-
sequently, this element could be certiﬁed. Completely diﬀer-
entconclusioncanbedrawnwhileconsideringtheanalogical
graph for chromium. The mean established for NAA lies far
from the values calculated for the rest of analytical methods
as well as from the overall mean. Moreover, its conﬁdence
interval does not overlap with any other interval. Therefore,
the status of the certiﬁed analyte could not be given in this
case, despite the facts that the criteria 1–3 had formally been
met and furthermore the number of laboratory averages was
quite substantial (33) cf. Table 2. So, chromium has then
been moved to the category of elements, for which only
the information values are available. Analogous thorough
examination underwent all other elements fully fulﬁlling the
criteria 1–3 and thus potentially qualiﬁed as certiﬁed. Those,
which ﬁnally gained this status, showed satisfactory agree-
ment of analytical techniques.
Comparing the data included in Tables 3–6,o n ec a n
easily note that the elements, which have gained the status
of certiﬁed as well as information values, are very similar in
bothnewCRMs.Itshouldbeborninmind,however,thatthe
contentofagivenanalyteisasarulehigherandinmanycases
even several times higher in Oriental Basma Tobacco Leaves
compared to Polish Virginia Tobacco Leaves. The reason may
most probably be, except of diﬀerence in variety, also sig-
niﬁcant diﬀerences in soil and climatic conditions, in which
one and the other variety of tobacco leaves was grown
(Greece and Poland). Such diﬀerences show the necessity of
checking the elemental composition of tobacco in order to
diminish the health hazards. On the other hand, distinctly
diﬀerent elemental composition in the new materials of sim-
ilar biological matrix type is an interesting feature from the
analytical point of view. It is worth emphasizing that the
content of quite a number of elements regarded as rare and
diﬃcult in the analytical sense (e.g., Ag, Hf, Mo, Sc, Th, V,
andmostofrareearthelements(REE))inbothINCT-OBTL-
5 and INCT-PVTL-6 could be certiﬁed. This remark con-
cerns groups of elements classiﬁed as toxic (e.g., As, Cd, Hg,
Pb)andessential(e.g.,Co,Cu,andZn)too.Someradioactive
elements (241Am, 137Cs, 40K, 210Po, 239Pu, 90Sr, 234U, and
238U) were determined in the new CRMs as well. The popu-
lation of results delivered for a given radionuclide was obvi-
ously too small (one or two laboratory averages) to establish
any certiﬁed or information values. Nevertheless, the repor-
ted activities (Bqkg−1) of the mentioned isotopes in INCT-
OBTL-5 and INCT-PVTL-6 may be useful for laboratories
dealing with natural radioactivity measurements and for
general assessment of health hazards due to smoking of
tobacco.
4.4. Observations on Analytical Techniques. Apart from cer-
tiﬁcation of new reference materials, the intercomparison12 The Scientiﬁc World Journal
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Figure 7: Comparison of the ﬁnally calculated overall mean (from the alternative database) for Zn and Cr in INCT-OBTL-5 and the means
obtained for particular analytical techniques, together with the respective conﬁdence intervals.
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provides valuable observations on analytical techniques as
well. They concern individual role and position of particular
techniques in the recent certiﬁcation process, in comparison
to earlier studies followed by drawing conclusions about
outlined tendencies with the passage of time, deducing of
future trends, and so forth.
Relativefrequencyoftheuseofparticularanalyticaltech-
niques in this study illustrates Figure 8. At the ﬁrst glance,
one can notice practically exclusive share of the four meth-
ods in the certiﬁcation of Oriental Basma Tobacco Leaves,
namely, NAA, AAS, ES, and ICP-MS. A novelty is their
roughly balanced contribution to the population of results.
This is a signiﬁcant diﬀerence compared with our former
exercises, when AAS and NAA distinctly prevailed [15,
37, 55]. Simultaneously, the frequency of the use of ES
and especially ICP-MS has been increasing constantly and
dynamically since the new millennium. As can be inferred,
in the nearest future, they should attain a dominant position.
The situation of still another technique, namely, XRF (X-ray
Fluorescence), which supplied a moderate (a few percent)
share of results in the past, is worth mentioning. Its contri-
bution was diminishing over the past two decades. In this
exercise, XRF has been completely absent.
ThepicturepresentedinFigure 8reﬂectsonlythegeneral
share of analytical techniques in the whole population of the
delivered data. The situation is somewhat diﬀerent if partic-
ular analytes are considered individually. It is obvious that,
due to limited sensitivity and/or susceptibility to various in-
t e r f e r e n c e s ,ag i v e nm e t h o di sa b l et og i v er e l i a b l er e s u l t s
only for the deﬁnite group of analytes depending on their
level of concentration. Quite a number of elements were de-
termined by at most two and even by a single analytical tech-
nique. Five elements, namely, Br (NAA), Er (ICP-MS), Hf
(NAA), Sc (NAA), and Ta (NAA) were ﬁnally certiﬁed on
the basis of only one method. A general conclusion can be
drawn that NAA as well as ICP-MS are practically the only
techniquesemployedforthedeterminationofelementscom-
monlyregardedasrareanddiﬃcultfromtheanalyticalpoint
of view, for example, REE, Ag, Hf, Mo, Ta, Tl, and so forth.
It does not mean of course that share of these methods is
less pronounced in other groups of analytes. An interesting
phenomenon has been found in case of mercury, because
its determination has been monopolized practically by one
technique, that is, AAS in the cold vapor version. This ob-
servation is in agreement with conclusions resulting from
the earlier studies, organized in the past decade. A certain
measure of versatility of the given technique can also be the
number of determined elements. The corresponding values
are as follows: ICP-MS (68), NAA (44), ES (30), and AAS
(22). One should bear in mind that the above observations
do not necessarily reﬂect the real frequency of use of ana-
lytical techniques in every-day practice of laboratories as a
whole. Nevertheless, they should be helpful in establishing of
a general view on the analytical performance of individual
methods.The Scientiﬁc World Journal 13
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